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   § 1. Introduction therefore, a convinient way to consider two 
       It is  well known that there occur some parts respectively corresponding to  At or  Sn.
   disturbances in the ionosphere during the  There are some method to distinguish the 
   geomagnetic perturbations, but the mechanism disturbances corresponding to  Sn from the 
    of the ionospheric disturbances is yet one of  storm-time variation, it is, however, a very 
   the unsolved problems of the ionosphere. As simple method to treat with the disturbances 
   to the storm-time disturbances, the  following during the geomagnetic bay which is one of 
   facts have been  cleared  : the typical cases of the  Sn-field. In this 
    (a) The upward shift of the F2-layer,r                                          paper, the distribution of the deviation inF2 
      (b) The remarkable decrase of the criticalduring the magnetic bay is analysed with the 
                                          object of clearing the storm-time disturbances
          penetrating frequecy for the F2-layer,                                           in the i
onosphere at the next steps. 
      (c) The abnormal increase of the ionic 
 §   density in the E-region along the2.  Data Used 
        auroral zone. It is desirable that  the data of many sta- 
                                          tions as possible are used for this invetigation.    These effects are, however, not so clear at the 
   middle and low latitude, and particularly in the                                           Fortunately, comparatively abundant data ob-
                                       tained at the stations in the  follcrwing list were 
   equatorial region, it is reported that the 
                                         providedby the Radio Wave Research Institute.    ionospheric effects are contrary to that at the
                                         These stationsare marked on the map with    hi
gh latitude  Cl]. Previously, the author                                                    numbers. 
   studied the distribuion of the ionospheric                                          Th
e magnetic bays were reported from the    di
sturbances during the geomagnetic storm                                           K
akioka Magnetic Observatory, and  only the 
   on Apr. 18, 1951, using the hourly values of                                             t
ypical cases of them were selected by  ex-   th
e ionospheric sounding at many stations 
 amining the  magnetogram recorded at the 
   widely distributed on the earth, and cleared O
nagawa Magnetic Observatory. In the four    th
at the values of h'F2 increased largely in 
                                         equinoctial months of  1951 and in March, 1952,    the main phase of the magnetic storm and 
                                          the sixty-five bays were selected for this  inves-' this upward shift was remarkable with the                                              ti
gation.    i
ncrease of the geomagnetic latitude, but the 
   distribution of the deviation in the electronThe  Deviation of the Electron Density 
   density was very complicated on account ofin the F2-layer 
   the dependance on the magnetic time and the The variation in  PF2 were examined to 
   latitude  C2). As to the electron density, it is, see the  deviations of the electron density in
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 Fig-  1 The Distribution of the Ionospheric Stations 
                              Table 1 Ionospheric Stations 
.  
 -- -
,                                   !M
agnetic No. Station  , Latitude LongitudeNo.Station Latitude Longitude                                                     ML
at.agneticLat. 
 1  KIRUNA  67.8°N 20.5'E  66'N  1 21 DJIBOUTI  11.5`N  43.1°E  7'N 
 2  FRASERBURGH 57.TN  2.1W 60 N 22 HUANCAYO  12.0°S  75.0  W 1'S 
 3 INVERNESS  57.5`N  4.3W  60`N 23 SINGAPORE  1.4'N  103.8°E  9°S 
 4 SLOUGH 51.5'N  0.5°W  53'N 24 NAIROBI 10.0'S  37.0°E  13°S 
 5 LINDAU  51.7'N  10.1'E  51°N 25 RAROTONGA 21.3'S  159.8°W 21'S 
 6 WASHINGTON  38.7°N  77.1'W  5IN 26 TONANARIVE  13.8°S  47.8`E 24'S 
 7 FRIBOURG  48.1°N  7.8°E  49'N  27  JOHANNES-                                                               26.0°S  28•0`E  28'S  SCHWARZEN- 1  BURG 
      BURG  846.8qN 7.3-E47°N'28TOWNSVILLE  19.3°S  146.8°E  30"S 
 9 GRAZ  47.I°N 15  5'E  47°N 29 CAPE TOWN  34.0°S  18.0°E 33'S 
10 STANFORD  37.4°N  122.2W  44"N 30 BRISBANE  27.5°S  153.0°E  40°S 
11 ROMA  41.9°N  12.5°E  41°N 31 FALKLAND ISL.  31.7  S 57.9W  42°S 
 12 WAKKANAI  45.4°N  141.7'E  35-N 32 CANBERRA  35.3"S  149.0`E  47°S 
13 AKITA  39.7°N  140.1E 30 N 33 HOBART 42.8'S  147.4`E  52°S 
 14 KOKUBUNJI  35.7°N  139.5°E  25'N 34 LINCOLN  43.6°S  172.7`E54'S 
15  ,  YAMAGAWA  31.2  N  i  130.6'E  22-N 35  MACQUARIE -.• 
                                                              54.5S 159.0L63S  
r                                                         ISL. 
16 DAKAR 14.6'N  17.4W 22'N 
17 OKINAWA  26.3°N  127.8°E  15  N 
18 TAIPEH  25.0°N  121.5°E  14°N 
19 IBADAN  7.4'N  4.0'E 11 N 
20 CALCUTTA  22.5'N  88.4°E  11"N 
                      
. .
         DISTURBANCES IN  TIM  IONOSPHERE DURING THE GEOMAGNETIC BAY  103 
 Ma  fule  tic  Time 
 0  3  6 9 12 15  18 21  24 N 111 IIIIIIIIIIIIIIII • NM II 
 60°  "MI 
 0  0• 0 
 • 
 ••  •   • 0  •....,-.• 
 ,°Se - • 11010, OD Gala•• •1•10•&I+•..4:::•0%!••°                                                                         ....• ,i;••„:71•.•Ill. ..7 0••                                                                                                                               0• • OM D CO 40 0 
 0 •„O.•00...:Oa;  • 02......_•.2• Q..4m.....--.....r••••..t....... ••,-,•_.••ir  -••  0  •  o  0 
       • •0 •••••.0 1'w 0 •                      0 • 00 0 ••• 00•                                                                             • o ••00 ..0 •CO  00 
 30•
.•.!••.-•Z';'e••eI."••" ..t .•••••••••••..coo.0 o •4.......1;....:•—: 
                                               
•  .  0090 .00 cci).cti2•091:.30,9  •  et 
 1 -.4.,  il I,- - •••.,i, 0 CCX) 0 0 C • • ;04b. 0 0.ip • 0,1148,10..." ..  a as 
.4 • •  0 
   0  • ;
.'  •;*  • i•reVIII •  ••  'fr.  ••  •  1r  '  •  •  •  —  •  •  Oar 
6
 gs • 00 0 0 o o o • • ° • • • ••••• g •  0  • a • 
       • • .•400 •'' • •CO•DO ••  •0  • •• O••••  o.The•so•• •.•     •o • • ,4 • - 
 30O • o _ C0.00 •  •. 0  0 . •• _  •  • .0„_ • 0A-0.0-0 .0—0•.•'•°•  •  CO  CO• 0• •  •  6-4,-  -.  a  —  co.  -o  .•  cio-  .  AP.  . 
 
•  ..  4.  ft  edo•  ••O  •  0  o  ere  es  4 •  0410  •000?  XOT  " di  o  •  OD  •  C)  .  0••  o  •..      
•  ••• •  0•  •    0  0.  0  •  •  •  o  •0  00  •  •  . 0 0 •  o  IMO •  
    .. ..  CiloCteloa  e:  0  0•00  r0004  1,  •  •••  o  •  •  •  •  ° a  c0:"  •  ou.00  ir'  ' •  AI  (›°002  11. 0  6
0.mg 
 Sla IIIIIIIIIIIIIIIIIIIIII  *  •  0  III 
                                Fig. 2 Deviations in  _PM 
the F2-layer. In order to detect the devia- the magnetic latitude and the time. Table II 
tions which were contained in the hourly gives the mean values of the percentage 
observed values  during the magnetic bays, it deviations in the maximum electron density 
is neccessary to eliminate the diurnal variation for each magnetic time at the various magnetic 
in  P  F2. For this purpose, the differences latitudes. On account of the small number of 
between the observed values and the median the bays, some stations at almost same latitude 
values for the corresponding solar time were are considered together and the two-hourly 
prepared. The mean value of the two of running means are taken. 
them immediately before the bay-disturbance It is seen from Fig. 3 and Table H, that 
was considered as the standard value, and the at the comparatively high latitude, the electron 
deviation in  P  F2 was detected by comparing density increases in the afternoon, but near 
the differences with this standard value. For the sunset, there is a remarkable decrease 
each bay, the deviations were plotted in the which is similar to that pointed by APPLETON 
figure according to the coordinates of the and PIGGOT  C  1  j, and MEEK  C3) in the case 
magnetic latitude and the magnetic time. Fig. of the geomagnetic storm. At the middle 
2 is made up by plotting the deviations accu- latitude, the  semi-diurnal system of the  devia-
mlating for all the bays.  In the figure, a tions is noticable. At the low latitude near 
small circle or dot corresponds to the increase the magnetic equator, the negative deviations 
or decrease of the range,  0.1-0.9 MC/S, are experienced in the afternoon contrary to 
respectively, and a large one indicates the that at the high latitude. 
deviation, positive or negative  respectively, There is surely a diurnal variaton of the 
more than 1.0 MC/S. It is clear that the deviations in the electron density during the 
maximum electron density in the F2-region geomagnetic bays, but some  other periodic 
shows some systematic deviations according to variatons are probably  included,
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 414,4net1  -  11a4 §  4• The Harmonic Analysis of the Deviations 
 
,  -  12  :9  24 
        ttf:  StatinA 
1                                
,The result of the harmonic analysis of the     tn:  i=i?  l,--i---L                                         percentage deviations in the maximum  elec-
                                           tron 1 density in the F2-region is given in Table .  , Ad      „•. SI,.i_..„„.._,,- HI. It is seen from the table that P2's are 
       
,.\ •                                       comparatively large at the high latiude and 
   isowil      :1::,t...ln,",„„  )\tP2/Ptis, in general, larger at the high latitude                                        than at the low latitude. It is an interesting
     iiraFzei) k...ANT.Aicharacter that Aland A2 show some systematic    ,
0111      A-444114.421:rdAllii-                                  ....1-4-\    r"1111variation according to the geomagnetic' l ti- 
                                       tude. These variations in the phases suggest 
                                       some conne tions with he tidal effect in the
                                     ionosphere deduced by MARTYN  (4). 
     MI .04110.A..  AliVIUsing the coefficients in th  table, theper- 
                    il,'"-‘''' centage deviations are illustrated in  Fig. 6 for 
             AL  Athe various latitudes. Fig. 6(a) corresponds        .,  Akita  -                                       to the fi st harmonics,and Fig. 6 (c) shows   3aVnigirI 
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      mum electron density at the various stations. geomagnetic latitude.
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        Fig. 6  The result of the harmonic  analysis of the percentage deviation in the electrondensity at 
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                          Table  III The Harmonic  Coefficients 
   Station  a9  Pi  Ai  P.2 A2  Pa  Ai  Pal  Pi 
 FRASERBuRGH 
INVERNESSI - 0.3 3.3 95' 17.7  56' 14.1 99' 5.54 
SLOUGH 0 12.0  94° 16.4 50' 5.7  96° 1.37 
 W  ASHINGTON  1 
LINDAU I+ 4.1 15.6  121° 20.0  63° 5.7  9T 128 
 FRISOURG  SCHWARZENBURG  1 - 2.3 5.6  105- 12.7 337' 16.8  200° 2.27 
 GRAZ 
STANFORD  - 9.8 6.3  170' 3.4  159' 11.8 192' 0.54 
 WAKKANAI  -I- 1.1 19.0  336° 20.9  1:4:° 21.0 148' 1.10 
AKITA - 0.8 4.7  46° 14.1  310° 19.7  182° 3.62 
KOKUBUNJI - 0.1 7.1  233- 11,9  295' 21.9  171° 1.56 
YAMAGAWA 1 
DAKAR II--3.6 11.6 141' 14.9  295° 9.4  243° 1.22 
Oh.INAWA1 
 TA            fi1.5 28.0 358' 20.7  289° 9.3  213° 0.71 
 HUANC 
 SINGAPYOORE  J+ 6.7 23.6 8' 12.3  358° 6.3  324°0.52 
 RAROTON  TONANARIGAVE}  + 11.0 14.4  340° 8.8  208° 9.1  251° 0.61 
 JOHANNESBURG 
 TOWNSVILLE  + 2.9 10.0  244° 31.6  247° 7.9  189° 3.16 
 CAPE TOWN  J 
BRISBANE  1  - 10.0 3.9 253' 13.2  5- 8.3  146" 3.39  FALKLAND ISL.  f 
CANBERRA - 1.0 10.3 209' 2.7  331° 4.5 217' 0.26 
HOBART1 
LINCOLNi + 1.4 9.9 143' 16.9  2T 6.1  214° 1.71 
the compositions up to the third term. Fig. 6(b) provision of the ionospheric data, and to Prof. 
illustrates only the second harmonics. 0 . E. H. RYDBECK of the Chalmers University 
   The distribution of the deviation in h'F2 of Technology
, in Sweden, for the continuous 
or  hi,F2 will be studied in  later paper. The 
                                        supply of the ionospheric data, and to Mr. J. 
combination of the investigations on  r  F2 and  O
SSAKA of the  Onagawa  Magnetic  Observa-h
pF2 will give a light on the problem of the 
ionospheric disturbances corresponding to the                                         tory for the provision of the magnetograms. 
SD-field.The thanks are also due to Rrof. Y. KATO for 
                                       his kind guidance throughout this investigation.
   In conclusion, the author expresses his It is noted with thanks that the study was 
hearty thanks to Dr, H. UYEDA of the Radio helped by the Scientific Research Expenditure 
wave Research Institute for the adundant of the Department of Education. 
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